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(57) Abstract: 

PR08LEM TO BE SOLVED: To reduce the crystal defect 
density of dislocations, laminate defects, defective 
tubular holes, etc., by forming a desired element 
structure on a nitride compd. semiconductor layer 
involving a first region having vertically extending 
through-dislocations and second region released from the 
dislocation, other than the center part. 

SOLUTION: On a sapphire substrate 20, an Si02 mask 21 
having openings 21a of 2 in diameter at spacings 
of 10 }j.m is formed, the sapphire substrate 20 with the 
mask 21 is introduced in a region chamber of an MCVD 
apparatus, then thermally cleaning is made to remove 
moisture and natural oxide film, a GaN buffer layer 22 
is formed on the sapphire substrate 20 with the mask 21, 
and the substrate temp, is raised after growing the 
buffer layer 22 to form a GaN layer 23. From the 
sectional TEM observation, the through-dislocations 25 
locate only approximately at a central part of the Si02 
mask 21 and the crystal defect little exists at other parts. 
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gOflfei»l«:50cciLfco pfflGaNa^^hi 

4 l(7?fi8«a, *«&JR/BWoeW&*ffih u a*^-^r 
y7^/7 «f 2 0. , &&7>~ = T (ffi 

*9. 5l/») o**§i#«**ii&u ssss^a 

[0 0 7 4] «±<0*isfeTf^ritSKfc2ft:ift3R¥»*w 

(tem) mmzftitctzz. MQ 

W«ig^W-T5 I nG a N*Stt»ffi«Ctt, «4iffi0ff 

fc, ^JBH^^KiiefiSlStt, S6X10 5 cm" 2 ^ 
50 [0 0 7 5] £JL±(^»*S:, «*8fe<Ci6^— tfffl#Ji 



13 

J: § u— Ifffl^/iKTfl 1 0 ' 3 c m" 1 ^SfS^I 
it CO t nGa N3Ri£ttJl{;:*J^T\ MQW«i&d5fi£«£ 

31 ^ - if % ^ a jk co fs d q d K a* i c ffij ± i~ 

[ 0 0 7 6] £fc. ±ia#»»5fiO-««:, nSGaN 

U ^ooiiSKiCT i / A 1 7^o/&3 nflMM*4 2 SrflgJ* 

N^v*^ hi! 4 1 Jbfcitt*5K3fe^<afctf>S i Oz Jl 4 
3 *iS^ftf-7t£JB£ U CCOS i O; M 4 3MpSGa 

[0077] isfcic ±3fioms*w-r 5 

fi^Lfe 1 ?^^*:, 3 5 0 amX 5 0 0 um^^: 

iF^^LTt. - co^^ft: u-^S^&A L Ac £ r 
&«4 1 7 nm-eSaajEJK*S^Sct^fllBSix 

1 . 5 k A/ c m 2 X&-otz 0 

[0 0 7 8] ffi«SfMLfcGa N * f 
H *&fi£9#JS<* ftaft:Lfcl3I— *#T-CfPflSLT 
^u-filt^if^M 0%lgt^^ 3= feu 

i^£tK XttplK->'^ht l fc5"7W>'^ (M 

g) tm^^&tfnmnm&xm*?^^? ? bm*^ 

it* b T ^ -5 ^ 4: #¥19! b fe, 
[0 0 7 9] 'ixlc^L^^fi^l JbieffiH£# 

fc«6*feco#J 10 0-100 OfflF^iSO 5 , {MKt£rf 5 ;MB 
[0 0 8 0] #Jb\ *gfeK»ffi-erti — -tfiro^TRW 

[0081] (» 3 <onmm) % 3 co?£&s^«g-m> 



(3) 2000-2 1 789 

14 

ICG a N (2 u m) , XfiG a A I N ( 0 . 3 u m) / 
G a N (2 um) SriSft LfcSg±!:Mt^ 
[0 0 8 2] , ±ie£>£tKJiM 1 0 ju mfftioOS i O 
2 ^^^*r. G a NXilG a A 1 NlOatt < 1 1 - 2 

0> kmx.jj&i ( l - l 0 0> 2 /x mfflfiS-C;* N 7 

lJ:MOC VD&iU 9, 5-5 0,um<7)GaNl^ 
g-f£ 0 jaSaSWBS^S iOi *rx9 ±.XyTy/\'f$.g:& 

10 Sfc, ^ffSSiim^ISm^ (TEM) Sift 

[0 0 3 3] ccoi 5(-¥Stt^5fc*SHs mil^f£3; 

^{Cf^i±L, »2<7D3afiJB(gT^LfcU'— if iH« 
[0 0 8 4] ^ib\ *3afijgffi-cf(iu— if!co^-CKM 

[0 0 8 5] (S4tO^I»i) 0611 *^(?)I4 

JO [0 0 8 6] *HftJgffi<a3M»flcU'— - tf cof^fi8^rfe4r, 
«T«-»M-t-^ 0 t77^7!S5 0 Jbfi, S i 

[0 0 8 7] «TOU—1f*^ffl#jiRo?l5^EKMOC 
VDiSfet-J:9f^J«Ufco -^^^ 5 1 SrJBrilL)t*7r-< 
TS^5 0±;c, G a N'< y ~7 rM (HJ^-f) &2ft 
f^fi^n^o ^r^oii^S iiK-AfcnSGaN 
40 =2^^^^il5 3 (i?^2Mm) Srrii*i"5. COO0#, 

jR^-C, -tO±SB(rS i * K-^Lfci?^0. 25^m 
(^nSGao.s Alo.2 NlISAi 5 4 SrfifcS-T 5, 

[0 08 8] v *Pt\ S^0. 1 ju m^O I no. i G a 
0.9 Ni£t£/I5 5 MSI, -tO±95i^Mg* K— T'L 
fcJ?£0. 25/imOplGao.3 Alo.2 NfltSE^A 
J15 6, nSGao.a Alo.i W&WiWtfc 5 7 SrJiRifc 
wCOS, — J.!>i^«rMOCVD3SB/>* l bSi 
50 ^£±iL. SSKtt^il 5 7 7t M/y^77^ 
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[0 0 8 9] ^^^SOWCVD^Ci 
Al, -®«^^li5 7co_b^Mg^ K— ^L/cp^lG a 

£ p§JG a N^V^ Nil 5 8t75f5(^S^S i 

O2 £Ti02 'Ollilt-^o 

Il^)S««5 9«rMt«, — 

7r^rs«5 oi:^?gdc$nfcs i 02 iTio^ a> 

[0 0 9 0] «±<^>J:9lc^S^fc^— lfffl#«Ko 

OSr^-TSa — plGaN^y^ni58lC 
p«tS6 1 £JFMU H6^-rj: 5*^y^tft 

8 0 nmtt^Mf i^Sl^rito c^^co 

[0 0 9 2] *3ltt?Blftic:j:^ffi*5t®^a|*u-1f-C 
il, S i O2 fcT i 02 a^JdtS^JMSSr?-;** 5 1 t 

[0 0 9 3] tS*j£^tt£^ffirtrj*SJi> « 

fc UCIBv^S i O2 tTi02 a>e>J«5#JilKS:E4* 

[0 0 9 4] (* 5 ^3g;SSflgffi) 0 7tt, *^Ol5 

[0 0 9 5] ^f, nS->!/ Ofwff* 1 0 0 
nmOSRBHfcS iOi K6 1 mkVC^^&'t 



(9) WBB 2000-2 1789 

6 1 a ^Mt^) 0 -rt^i: '0 , ^!/3yifi6 0« 

DfiKrt'CAK, S iOj 316 l^SR^U^^i^!^ 
^ 1 0 0 0 c CT 1 0»fflOt-rM y -^->^^fT 

[0 0 9 6] 0 /tmOnlGa N V 

hJ16 S i O2 R6 1 SrSfc&yOfc** 

70 3££-f^£ 0 :OnlGaN3^^M63HS iO! 
16 1 it!l7f7/^If^:^, 8«/^>-y =>--?• 

£0. 2 5am(OnSA 1 Ga NWSEiSAJl 6 4, ff£ 
0 . In m<D Ino.2sGaQ.73 NffttJf 6 5, J? £ 0 . 
2 5 Mm^pSA 1 G a NtSaAl6 6, J¥£0. 3 
MmCOpSGa N=y^ Mi 6 7 £: ~ <^iiST^J&1~ 

[0 0 9 7] MOCVDM^^S'^ttS, ->y=r 

6 0 (dmmk a mmm e s ^mrnxm^-r^o * 

2t7 fc. p^G a Nsy^ M6 7 0«ffi*^tB36"e^^ 

[0 0 9 8] K±0*ffitMlfc«3t^t- KJCil 
iS<0*3t^^-- Kfi, ^t7 7^7iS^S i C 

( c t> *jg-c t ^> i: ^ 5 *J,« *> S o 
[0 0 9 9] (B 6 ^Hig^fig) Hi 8 Ji, &&W(nm 6 

[0 10 0] f77^7Sg8 0 ±fCMOC VD 

ffiiC J: 9 MG a y 7 7l 8 2 I, -£<^±£(5 

C7yK-7'GaNTii8 3Mm o tv^, n 
!GaN3>^^M84, nlAlGaNSffiftAl 
8 5, nfflGa N3t^ K*8 6, ^itf^F (MQ 
40 W) *gi££*-t-6 I nGa N^?£t£J§ 8 7. p«GaN 
WKI8 8, pSlA 1 G a Nm«£AJi 8 9, pi 
Ga Nay^ hJ!9 0 S: r ^M^riEft U . u— !f{Ci6S 

[0101] ±l£#^*it<0 u-if 
^ nSGa N=ry^^ M8 4i:ilt6^T K7^f^ 

LT/?£ 50nmff)S 1O2 SS9l^ 



^v^U (BfJP3&) 9 1 a £#1-5 S i 0; 

7^^9l«n o ^ooltm, Z<0«9 1 aKG a 
N^v** Ml 8 4#£ii±i£KS 0 
[0 10 2] ZfiOft, ^nx^coSSSr^MOCVDSI 
■ ft£&U / > K— 7*<DG aNl92^1 OOnmO 
J¥S}Cl?/Sfti*"£5o a N/19 2il^^^^^-e 

«VNj«fi*tf 5 365, If So 

4f5 0 nSGaNi8 4tnlAlGaN'S8 5^)# 
S^MWWije^y^V^L. ZOflWi: n W»S9 3 

plGa N«9 0fiO±(-pS«S9 4 
fi£1~S 0 

4 2 0 nm^^^m-fe^bitU-f 1 ^ 
ftSt * /to G a N*S8 9 2 Oft'JSWt 4 2 0am 

S i Oi <D* hf^y-rx? 9 1 ##ft"TSfc 
it>, »iSa&rt^Aofc4 2 0 nm^O&*£:#ofc# 
&Kl*£ifc9$gLTV< HCMltt^< a ccofc 20 

[0 10 4] Jfcis, *fffi#JBRSrjafti"5*H^ 4 
2 0nm»S iOs ;* h 7 >f 7>£7FM fCJSittf, 

mWitDjf&X'mfefSnTizmmi 2 0 nmosiw^ * 

«ro^*#3SS! (DFB) u-lf *fft£^S z i 

So 

[0105] ai:, JiEJB 1 75M# 5 oUSifSTH, 
t\ ifcS i 02 ^Ti O2 ^V^^^o^T!^ 

Lfc#. s i 02 , TiOi co-teic. a^sflc-g** 

*U ^^Itlnz 03 , T i N, A 1 N, Si N« , 
WN« &&&tfbinZ> 0 1 0 0 O^CULb&KB."? 

[0 10 6] *JR»^<n«c»tt(Z)ft^tt-»*^^^*r 

[0 10 7] ?!ftga»^e^«"fl-^-r^^i:U-C 
$^Sp< y y MofcSo 0J*.(t ®Jjg£tlS^!/T^ 



4#§8 2000-21789 

[0 10 8] ^±<7}J:^-x *^<a««£?£ri*L 

[0 10 9] ±ia^ffi?gffiTtt«fi*«<!: LTs 

[0110] **W*i2{t:«i«fl:^*»«:fe 

-So ^m^x^^jc&^-at miie&^co^ s 9 B x 

[0111] (IS 7 <7) H&^fg) d 9 , 11 1 0 

[0 1 1 2] ®9{£*3<^-C 1 0 lfi-fr:7 7-f T*«/ 
1 0 2fl-^;*;7<!: lt(^S i O2 ft (0. 3 u m) > 1 

0 3 HT^K- a NJ1 (3 urn) . I04fln-G 
aN^y^^M (3 i K-y, 5 X 1 0 ia c rcr 3 , 3 
urn) x 1 0 5 ten — A lo.oaGao. nN^77 KJf 

(S i K-:7\ 1X10" cm* 3 , 0. 8^m) , 10 
6f*n-Ga (Si-K-X 0. 1 u m) , 1 

07iin-Ah.J Gao.3 N^ft ^ 7t»v<-7n- 
Kik« (S i K-7\ lxi0 n cm- J , 2 0nm), 

1 0 8 ttSteJi-CfeSa Ste/i 10 8ft UGaNt 

(TV K— 7\ I no. 2 Gao.3 N. 3 n m) # 
5Jii*ix€rl*tf I nGa NWIfli (TV K— 7\ In 
o.Q5Gao.9sN, 6 nm) ri^fcSi^FSKS (S C 
H-MQW) ifcoT^So 

[0113] £ 1 0 9l£p - A 1 0. z Gau N 

y r v-ffiitm (Mg K-y, 1x10 

13 cm' 3 , 20nm), Il0f4p-Ga N^ffiil CM 
g K— 7*, 0, 1 m m) v 1 1 ltep— Alo.oaGa 

o.oiN^^y KJi (Mg K— 7", 1 X 1 0' 3 cm* 3 , 
0. 8 Mm), ll2iip-GaN^^^^i (Mg 
K-7 9 , 1 x 1 0 13 c m" 3 , 0. 8 (x m) , 1 1 3ttP 
t (I0nm)/Ti (20nm) /Pt (30am) 

/Au ( 1 iu m) SiaCO p 1 1 4 li A 1 /T i 

/AuflKSOnffilfltS, llSHSiOi ifitiw-es> 
O&SiCsm) i-fiT i O2 /SiOz *#JH-8Wb 
[0 114] 13 9 T?&Tmfe<0&M%&:n, aT^ii'Q 

r^So *-f, t77^7ifiioi±(:, in 10 

(a) ^Tjk-T^o^ CVDSTMLfcS iOi Si 
0 2 K*fcj|?«£M D Lyt-^^^Sr^J*"** So rcoS i O 
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2000-21 789 
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1 t7V a N 1 0 3 O+ft^SE^co 1 %£XT b 

L> ^iZZtlT V K— "7*G a N 1 0 3 CO < 1 - 1 0 0 > * 

[0 1 15] Jfc^-e, 23f#CB«Tl 2 0 0"C*T?#?£ 
It, SfiOt—r^^ V — ~>7b S iOj -^^^ 1 



20 



£ 1 



lOOtWfiU is*(Hr>- K—yG a NJ1 1 0 3* 
a N#5 o o'c-ettjsgfem^ftu, 1 1 0 0°Ci-#^ 

-fSwtT-AftMtt^GaN^JKdiSixSo 3R^"C, 3 
K-/G aNH03 

(0 1 16] i 9 PttJca^ixtf, ^x^Md««;:R£B 
t6t7r^71S l 0 1 o*i^e>^^ - h LfcCffc 

b&fcLX, jrffl(Effi«r»dc-rS 0 GaNil0 3M 

I2\ G a Nil 1 0 3^-®PS«±'0««iCf±, 
[0 117] CVDSTMLtS i O? S 1 0 



[0 1 1 8] &vn-C\ *:«»BSrit-f6C, n-GaN^ 
y^^Ml04, n-A 1 G a 7 y K/i 1 0 5, 
n-GaN$Sll0 6, n-Alo.z Gao.a N# + 
y7*—s<—7u—ffi±m 1 0 7, MQWSfflllO 
8, p-Alo.! Gaa.3 N^f 5 7t-^»7n-jS 
JJbill0 9, p-GaN?SlllO, p-Ala.oaG 
a o. 02 N^ 7 y YM 1 1 1 , p-GaNa^^^ hil 
1 2 £Jtl&^i£1-6o 

[0 1 1 9] ±E#««iSa5-«S:nSGaN 

h» 1 0 4^*Il:n«tSl 14!rMt5 0 £fc* 
^f-C0W±»-Cfe^ piG a N = >*^ hil 1 1 2£tt 

^ h 9>r ytft^ p ftijflis i i 3%3&&irz> 0 

BaLfc2fttt*Wfc»<0*a5W:S iOi lll5t« 
[0 12 0] KJi<o*ft^«*ixfcaft*«i|£a|t«:u 



wsaas^aa* (tem) ««£*to£<!: 

[0 12 1] ±i6^^fr^/iai^7fMt7 , :i^^ 
^*r. #«SStf2 5 0 j*m^*5 J: ^^*y{fcU 

10 feA^'n-ofctZ^. r£d^4 15 — 417 nmT'Sffial 

m^mmmzintcv m^om^mm^A. sv±o. 

3V, L*HH«at«fSJ4l . 5-1. 8 k A/ cm 1 

Xhofz 0 £b\^ s ^^/n^jco9 7 %SLh£>S£ J ?-T- 1 0 

0 o 0B#Pfla±^aiaa3K«tRd s ?t»s^fco ? 
<bc^. &mm*<nn&m&&m^i o m C m- 2 sftt 

9K, *^5ftf£«JEW: 6 . 2V±1. 5 V, L£(W1 
fi«S^2-5kA/cm 2 ttf5>oti5*t<, * 

tcm^m^mmma 500 &*««rtTfcofc 0 

20 [0122] *(7)]:^ l£*3HifcJi?lfirtu f7r^f T&S 

1 0 lii^WP^-y^t^S iOz -r* 
^102^MU :^7^1i:GaNll03^7 
7*7 LXMl&rZzbfri:y^ Kii^fe^ 
<50*P6co^*v^fiK<OG a NS 1 0 3 imtft-rz Z b 

[0123] >S*3, *IBKJgli-eH, H10 ( a ) T?^ 

30 2 &m^1t&. 110 (b) T*-rH^^O^n/^- 

ids-etfco S?>f^ B10 (a) X'x*LlZXfi&'<? 
-^ZSiOi olfiltfflv^S^, H«l:B l 0 
(b) T^LfcZfcJB^-v&S i Oz <75ai:LT^ 

[0 12 4] (^8^^^) Hi lfl. *«Mco* 

^-♦■Wffiia-Cfc^o Hi 1^301-3151* 

ID9*£D 1 0 1 -1 1 5ict§^ Ui^o 
40 [0 12 5] t77>(7Sg3 0 l±i-i±, mi<D^^ 
tbLXmZQ. 3jum<OS i O«Jl3 0 2 adSJKJsftS 
^(^ii-/?^ 3 m mCQT V K-yG aNl3 0 3 a 
;fiSffgj5££;»X-C^£ 0 GaNl3 0 3 a±{:il ^2(0<r 
x^i:U-Ci?^0. i Oj I 3 0 2 b^f 

J5£^ix. tcoiiCf J 3 ^ m^7> K-/G a Ni3 0 
3 b&J&J&ZinX^Zo 

[0126] t LT, G a Nil 3 0 3 b ii:it 
7(75^^St(^lSliC, n-GaN3>^ni30 
4, n— A lo.oaGao. nN^7y KIS 3 0 5, n-G 
50 aNii^S3 0 6, n-Alo.2 Gao.a N^r^!i7t 
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— ^—^ci— B£±S 3 0 7, SCH-MQWgfti3 0 
8, p-Ala.z Gao.s N^t ^7^-7 3-^ 

lh/1 3 0 9, p -G a.N*iSii 3 1 0, p-Alo.caG 
ao. omN^ 7 7 KJ§ 3 11, p-GaN3V^^ M3 

12, p mmm 3 1 3 > n 314, s 1 02 

[0 12 7] ^Mi^^S7^HlfeiiiM^ 
,£fl, S iOi ^x9&mmL1ZyTyfrf&&&2W : i 
- ?^t-efcSo ^ot, n-GaN^y^ Kit 3 0 4 

[0 12 8] f77^7l«3 0 l±«^ (Hi 1 

^/F-f J: 5 JC, CVDStJgSlfcS i Oz 13 0 2 a 
{Z^m^moLtc^r^^^B^^o Z<n§ i Oz t 
^^ 3 0 2 a^ *:#£fi9JfcMt* %7<Z>2m&1&k 
PJ«{r % t77-T7lfi3 0 1 i7> K-^G a N3 0 
3 a Oft^SESpcO 1 %J^T£: U *22ttTv K-^G 
aN 3 0 3 a<£> (1-10 0) ^fai-SRTiCftS J: 5 I- 

[0129] sc^-e, s*«s£cti 2 o o°c£-e#r& 
itis^f-^/^ y — ->^£ s i Oz 

&m&5 o otttRiau n y -*3vu#y v&Jkxjr 

^^r-TX* b*-r y T#*&#dei,fcffl&<OMOCV 

1 0 0°C{-#?-^U 1»17V K-7"G a Nl3 0 3 a 

[0 13 01 US iOi IK 3 0 2 b£CVD 

feTJKd&U TV a N3 0 3 a CO (1-10 

0) rSFftiWrl^ jJi m, J^»2 OMmCO^h^-f 
:/-T*^*2Kj8-t-£« a*#Hft-C 1 2 0 0 °C 

tt^LX, S^Oif-^yu^ y-^^^^ S i Oz 
-7^^ 3 0 2 b^T--y v^^r^7t^^^5£i" 0 

^com. ta** i i o o °c £ u k y > fvutf y 

HTy K-^G a Nil 3 0 3 b *:J«S-^So 
[0 13 1] Rv^, **i:*8t5:ttU:, n- 
GaN3>^^hl3 0 48LI»4:3KSU ^ftu-lF 

Oz^^^302b(O^ K y* Zt f ^X 

[0 13 2] B±^*ST*MSnfc8ft*»*»*u 

ft T >- K-7'G a Nil 3 0 3 a 1 0 5 cm 

7> K-^G a Nl 3 0 3 b J: !) 

[oi3 3] mz, ±5£<3««£^5¥»fc#JiR£ 



(12) ^ 2 0 0 0- 2 1 7 8 9 

i-«»ttaA*r U/c t ~ 5, Jfi^ 4 1 5 - 4 I 7 n 

8V±0. 2V, L#l>ffi:tt'SE4f£W: 1 . 5-1. 6 k 
A/cm* -?£>o7t 0 $«bSr, £^f*]GD9 9%^±cO 
35^ "C 1 5 0 0 Ofl*fHJ^±^SiS.aiJBHgS^*tB*ix 

[0 13 4] icoJ;9{:^M1^11 2SC077-7 

[0 13 5] *HiS?i?ffi"t?*i, 010 (a) ^ 

Ufc^^Mn^^-V^W-rSS i Oz ^^£J3 
i^fc#, riOte^felllO (b) T^t£ftiiO§ia^ 

^-->o^i :!1 ix75^M^^^-C^^t: i o < i:<, ft: Til 
OSiOz (3 0 2 a) &X&MJMEAm'<? 

20 zt tf ITii«{£?B«d s 3E«c:fii«-et 5 r i: f±t^ 5 £ -et> 
[0 13 6] *7&tf»8 0|Sfc»ffiTM:s 7^ 

^2{t*s^#flco«:«tas-cs>6 i o O'orjjUi^ffi 

£ 3 «t It, T i Oz , I ru Oj , T i N, S i 
N, WNxSPasfctf fcjft-So £fc, 1 0 0 O^LhfiO* 

LTf77 ^rgffitfljfc^tfrt:^ Z<nmz, Si, 
S i C, ZnO, MgAlz O* f^I^S^^li 

[0137] *«wtt*'fb*as i f £ W»^-if^ 

[0138] (* 9 co^^^) 01211 *«B<0» 

[0 1 3 9] HIl 2i-^^r 5 1 lit1h7r^TS«-C- 
fe'O, 1 l±Cttn®GaMy77i5 1 

2tm&^tiX^^ 9 GaN^777l5 12i5:iiS 
i Oz -r^^ 5 1 0z>s^ ^^w'^tt^^JBRSi^, 
^^5 1 0%lV^^y77l5 1 2^^^^^^ 
50 aiy^-V'irSJxT^&o GaN/<y77l5 1 25yS 
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(13) 

23 

iOi -7^^51 01l:ttnSA 1 GaN^77 KS 5 

1 3^7r-7/uj*ft**'Jffl LT¥iejc^/&£ri, ^o_h 
ici^ T> K— 7"G a. LM3fc#V KI5 14, InGaN 
/I nGaN^6^6tWFl5 15, pSGaN3fc 

KJI 5 1 6 * p Si A lGaN^7-; KJf 5 17 

[0140] *fc, ±iacoaw*at#fi. 

77 K/f 5 1 3±KttnfflW£5 1 9tffl?fiS:£*vC^ 

% c pSA 1 G a N^7 7 KJB5 1 7±iCU. SJgStp ifl 

IGa Na>^ 1 8 4r#LTp{irB«5 2 OA 5 

JPM£nTi>£ 0 ;nb^li5 1 9, 5 2 Ofc^riZf 
[0 14 1] nt\ #l^Mf{:iiMOCVDI: 

ft^LXv^, WaWatSrfl'-r^G a N (5 1 

2) /AlGaN (5 1 3) (O^ x n fctf> 
Id, nlG a Ni 5 1 2 ^ i 4$ S i O 

3SpSto3§^fcBfflTt* 9 wO»S\ plGaNl 
±{zs i O2 &<o-tx ZZklzftZ. 

[o i 4 2]'*nmm<nmi&X'ft.. &mMmz^-tz 

77^«£*lB<:i:4<, nSA 1 GaN^77 K 
JI5 1 3 Zbtf^t* ^77Ki5 13 

iftO^ff^— tfOLti/MWi, IkA/cm 2 
9, ft*<D 1 / 5 KTI^S < 1 5 1 i i s tf t. 
(381 OOIWI) £1 OOHJKJK»-CH, * h7>f 

7/U)*fi4*tt*W-<ft:jBr**^1"o G a NOJB£ftfi*« 
&JR«ffijS;« (MOCVD) i-J: *?^Tofc 0 Hi 3 

(a) f-7r^TSfi±{CG a NHS:JIS2. 5 ju m 40 
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